The synthesis of some tetrahydropyrazolopyridine derivatives has been described by a one-pot 2A + 2B + C + D four component reaction of a 1,3-dicarbonyl compound, an aldehyde, hydrazine and ammonium acetate in ethanol as a green media under catalyst-free condition.
Introduction
Green chemistry is a doctrine that inspires chemists to design chemical procedures that minimize the use and production of hazardous materials. In fact, the goal of green chemistry is to reduce and prohibit the pollution of nature and ensure perpetual life on the earth. [1] [2] [3] Multi-component reactions (MCRs) require the combination of at least three compounds to generate a product, where all or most of the starting material atoms exist in the final product.
Also, fused pyrazoles have fungicidal, 13 herbicidal, 14 virucidal, 15 and insecticidal 16, 17 activity and have been used for the treatment of rheumatoid arthritis. 16, 18 On account of its variety of biological activity, the chemistry of pyrazoles has attracted much attention and many methods for their synthesis have been extended. 19 Pyrazolopyridines and their derivatives have a wide range of biological activities. 20, 21 For example, a number of pyrazolo [3,4-b] pyridines exhibit biological activities, including anxiolytic (e.g., tracazolate), antiallergic and antiherpetic properties. 22 The research on organic light emitting diodes (OLEDs) has exploded and progressed considerably in recent years. Dipyrazolopyridines are a new class of fluorescent materials. Preliminary electroluminescence properties were reported in their polymer systems. 23, 24 Scheme 1. Synthesis of tetrahydropyrazolopyridine 5.
The importance of green chemistry and also the existing attraction in the design and synthesis of heterocyclic compounds through MCRs, motivated us to design a one-pot 2A + 2B + C + D four component reaction for the synthesis of fused pyrazolo-1,4-dihydropyridines under green reaction conditions. Although the synthesis of dipyrazolopyridines starting from pyrazolecontaining building blocks has already been reported, [25] [26] [27] herein, we introduce the first example of simultaneous assembly of all three heterocyclic rings from four acyclic building blocks. We employed in situ preparation of the pyrazolone ring through the reaction between hydrazine and a β-dicarbonyl compound and subsequent reaction with aldehyde and ammonium acetate (Scheme 1). We note that the in situ formation of pyrazolone as pronucleophiles in multicomponent reactions has already been developed. [28] [29] [30] 
Results and Discussion
Encouraged by the satisfactory results of our first attempts, the synthesis of the tetrahydropyrazolopyridine 5b was selected for optimizing the reaction conditions. The optimal reaction conditions for the reaction of 4-chlorobenzaldehyde, hydrazine hydrate, ethyl acetoacetate and ammonium acetate were screened (Table 1 ) and ethanol was found to be the best solvent for this reaction under reflux and catalyst-free condition. The efficiency of this multicomponent reaction was probed by employing a series of different aldehydes and β-dicarbonyl compounds ( Table 2) . Aromatic aldehydes bearing electronwithdrawing and electron-donating groups led to the formation of products 5a-5g in good yields (65-76%). Also heteroaromatic aldehydes such as pyridine carboxaldehydes the use of aliphatic aldehydes such as butyraldehyde led to products 5h (78%) and 5i (63%), respectively in good yields, although the use of butyraldehyde gave the product 5j in a slightly lower yield (60%).
Isatin and acenaphthenquinone were used instead of the aldehyde in this reaction to produce the related spiro-products (5k-5p). It became clear that as well as aldehydes, that activated -diketones such as these also effectively participate in this reaction and give good yields (Table   3 ).
We also used phenylhyrazines and its derivatives instead of hydrazine, and anilines instead of ammonium acetate in this reaction but the desired products were not obtained in any experiments. The products were characterized by NMR ( 1 H and 13 C), IR and HR-ESIMS analysis. This protocol was shown to be facile, efficient, simple, and environmentally friendly. A plausible mechanism for this multi-component process is presented in Scheme 2. The mechanism most likely involves the initial nucleophilic attack of hydrazine on the β-ketoester and subsequent cyclization to form the pyrazolone 6. In the next step, the reaction can be continued via a Knoevenagel condensation followed by attack of the second pyrazolone ring that leads to the formation of 7. Intermediate 7 has already been reported to be the final product of the reaction of 1-phenyl-3-methyl-5-pyrazolone with an aldehyde. 31, 32 Finally, nucleophilic attack of ammonia on intermediate 7 followed by intramolecular cyclization leads to compound 8 which can then tautomerize to form the final product 5. 
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Conclusions
In summary, a facile procedure for the synthesis of 3,5-diaryl-4-(aryl/alkyl)-1,4,7,8-tetrahydrodipyrazolo[3,4-b:4',3'-e]pyridine derivatives has been reported via a condensation reaction of a 1,3-dicarbonyl compound, an aldehyde, hydrazine and ammonium acetate in ethanol as a green media under catalyst-free conditions. The versatility of the reaction to allow the formation of a variety of functionalities such as amido, hydroxyl and amino groups make these compounds attractive candidates as precursors for drug discovery, combinatorial chemistry and chemical biology. The simple performance, green and mild conditions, good yields and easy purification of the products are among the advantages of this protocol.
Experimental Section
General. Melting points were measured on an Elecrtrothermal 9100 apparatus and are uncorrected. HR-ESIMS spectra were acquired on a Bruker MicroTOF ESI-MS system. IR spectra were recorded on a Shimadzu IR-470 spectrometer. 1 H and 13 C NMR spectra were recorded on a BRUKER DRX-300 AVANCE spectrometer at 300.13 and 75.47 MHz, respectively.
1 H and 13 C NMR spectra were obtained on solutions in DMSO-d6 using TMS as internal standard. Elemental analyses were performed using a Heraeus CHN-O Rapid analyzer.
General procedure for the synthesis tetrahydropyrazolopyridine. A mixture of hydrazine hydrate (2.0 mmol) and β-dicarbonyl compound (2.1 mmol) in EtOH (5 mL) was magnetically stirred for 30 min at ca. 25 °C followed by addition of aldehyde (1.0 mmol) and ammonium acetate (4.0 mmol). The reaction mixture was heated at reflux for 4-8 h and then cooled to ca. 25 °C and water (10 mL) was added and the resulting mixture was stirred for 30 min. The precipitated product was filtered, washed with water and acetone then dried under vacuum. In most cases no further purification was necessary. Bromophenyl)-3,5-dimethyl-1,4,7,8-tetrahydrodipyrazolo[3,4- -2-(prop-2-ynyloxy)phenyl]-3,5-dimethyl-1,4,7,8-tetrahydrodipyrazolo[3,4 (pyrid-2-yl)-1,4,7,8-tetrahydrodipyrazolo[3,4-b:4',3'-e]pyridine (5h) 3,5-Dimethyl-4-(pyrid-3-yl)-1,4,7,8-tetrahydrodipyrazolo[3,4-b:4',3'-e]pyridine (5i) 09 (s, 6H, 2CH3), 4.89 (s, 1H, CH), 7.22-7.26 (m, 1H, Ar-H 
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